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DETAILED ACTION 

1 . Amendment B, received 12/1 1/2008, has been entered into the record. 

2. Claims 1-20 are pending, claims 1-11 and 14-19 are previously presented; claims 
12 and 13 are amended and claim 20 is new. 

Specification 

3. The abstract of the disclosure filed, 12/1 1/2008, is accepted. 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

5. Claims 1-7, 9-15, 18 and 20 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over An etal. (US Patent No. 6,245,618 B1) in view of Yu etal. (US 
Patent No. 6,521,502 B1). 

6. As to claims 1 and 7, An discloses a method of manufacturing a semiconductor 
device comprising a field effect transistor (col. 1 , lines 6-1 1 ), in which method a 
semiconductor body of silicon (semiconductor substrate 50, figs 5-17) is provided at a 
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surface thereof with a source region and a drain region of a first conductivity type (n- 
type source/drain regions 80, figs 8-17; col. 3, lines 28-29), which regions are both 
provided with extensions (source/drain extensions 60, figs 6-17 and col. 3, lines 22-24), 
and with a channel region of a second conductivity type (fig. 13, p-type implant D), 
opposite to the first conductivity type (n-type implants A+B), between the source region 
and the drain region (the space between source/drain extensions 60 as shown in figs 
12-17, which is a p-type semiconductor substrate 50; col. 3, lines 20-22), and with a 
gate region (fig 17, gate electrode 170) separated from the surface of the 
semiconductor body by a gate dielectric (fig 17, gate dielectric layer 150) and situated 
above the channel region (fig 17), and wherein a pn-junction between the extensions 
and a neighboring part of the channel region is formed by two implantations (fig 6 and 8 
together formed the first implantation in the source/drain extensions 60 and regions 80 
and fig 13 the retrograde impurity region 130) of dopants of opposite conductivity type 
(the retrograde impurity region 130 in the second implantation has a p-type conductivity 
opposite to the n-type source/drain extensions 60 and regions 80 in the first 
implantation; col. 3, lines 22-29 and 60-61), and characterized in that said two 
implantations of dopants of opposite conductivity type are performed before the gate 
region is formed (everything is formed before the gate electrode 170 is formed in fig 17) 
and at an angle with the surface of the semiconductor body which is substantially equal 
to 90 degrees (all the implantations are 90 degrees as shown in figs 6, 8, 12 and 13) 
[claim 1]. 



Application/Control Number: 10/598,755 Page 4 

Art Unit: 2829 

An does not disclose wherein before both of said two implantations of dopants of 
opposite conductivity type are performed an amorphizing implantation is performed 
where the pn-junction is to be formed [claim 1]; and 

characterized in that the two implantations are annealed at a temperature 
between 500 and 700 degrees Celsius [claim 7]. 

However, An discloses wherein before the implantation of the dopants of the p- 
type impurity region (fig 13, region 130) an amorphizing implantation is performed (fig 
12, amorphous region 120). 

Nonetheless, Yu discloses that wherein before the implantation of the source and 
drain extensions (fig 3, 40 and 42) an amorphizing implantation is performed (fig 2, 
deep amorphous regions 25; and col. 5, lines 35-49)[claim 1]; and 

characterized in that implantations are annealed at a temperature between 500 
and 700 degrees Celsius (col. 4, lines 58-61 )[claim 7]. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to amorphize the regions where the source and drain extensions of 
An are to be formed as taught by Yu since this was known to make the dopant 
distribution better. 

7. As to claims 12 and 18, An discloses a method of manufacturing a 
semiconductor device (col. 1, lines 6-11) comprising: 

providing a semiconductor body having a surface (figs 5-17, semiconductor 
substrate 50); 



Application/Control Number: 10/598,755 Page 5 

Art Unit: 2829 

forming source and drain regions of a first conductivity type at the surface of the 
semiconductor body (figs 8-17, n-type source/drain regions 80; col. 3, lines 28-29); 

performing an amorphizing implantation to form an amorphized region in a region 
of the semiconductor body where a pn-junction is to be formed (fig 12, buried 
amorphous region 120 by ion implantation); 

performing an implantation of dopants of a second conductivity type opposite the 
first conductivity type, in part of the amorphized region where the pn-junction is to be 
formed, to form a channel region of the second conductivity type, the channel region 
extending between the source and drain extension, thereby forming the pn junction (p- 
type ion implant D, figure 13, retrograde impurity region 130, col. 4, lines 8-13); 

forming a gate dielectric (fig 15, gate dielectric layer 150) on the surface of the 
semiconductor body above the channel region formed in the amorphized region (fig 12, 
buried amorphous region 120); and 

forming a gate region on the gate dielectric (fig 17, gate 170). 

An does not explicitly disclose performing a first implantation of dopants of the 
first conductivity type, in at least part of the amorphized region where the pn-junction is 
to be formed, to form source and drain extensions of the first conductivity type [claim 
12]; and 

characterized in that the two implantations are annealed at a temperature 
between 500 and 700 degrees Celsius [claim 18]. 
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However, An does disclose forming source and drain extensions by implants of 
an opposite conductivity type (n-type ion implants A+B, fig 6 and 8 together formed the 
first implantation in the source/drain extensions 60 and regions 80). 

Yu discloses performing an implantation of dopants of the first conductivity type, 
in at least part of the amorphized region where the pn-junction is to be formed, to form 
source and drain extensions of the first conductivity type (fig 3, source and drain 
extensions 40/42; and fig. 2, deep amorphous regions 25 and col. 5, lines 35-49)[claim 
12]; and 

characterized in that implantations are annealed at a temperature between 500 
and 700 degrees Celsius (col. 4, lines 58-61 )[claim 18]. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to amorphize the regions where the source and drain extensions of 
An are to be formed as taught by Yu since this was known to make the dopant 
distribution better. 

8. As to claims 2-4, 9-1 1 and 13-15, An also discloses: 

characterized in that a first implantation (Fig. 6 and 8 together formed the first 
implantation in the source/drain extensions 60 and regions 80) of the two opposite 
conductivity type implantations (the retrograde impurity region 130 formed in the second 
implantation has p-type conductivity opposite to the n-type source/drain extensions 60 
and regions 80 formed in the first implantation; col. 3, lines 28-29, 60-61) is carried out 
using a first mask (temporary gate electrode 54, Figs. 6 and 8) covering a first region of 
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the semiconductor body (covers the region below the temporary gate electrode 54 as 
shown in Figs. 6 and 8) and the second implantation of the two implantations is carried 
out after removal of the first mask (Figs. 12 and 13 are performed after the temporary 
gate electrode 54 is removed in Fig. 11), using a second mask (dielectric layer 90, Fig. 
9) of which the edge coincides with the edge of the first mask (the temporary gate 
electrode 54 and the dielectric layer 90 overlaps as shown in Fig. 9) and wherein the 
amorphizing implantation (fig 12, buried amorphous region 120) and the first and 
second implantations are performed before the gate region is formed (everything is 
formed before the gate electrode 170 is formed in fig 17) and at an angle with the 
surface of the semiconductor body that is substantially equal to 90 degrees (all the 
implantations are 90 degrees as shown in figs 6, 8, 12 and 13) [claims 2 and 13]; 

characterized in that the first mask and the second mask are formed in a self- 
aligned manner (Figs. 5 and 10) [claims 3 and 14]; 

characterized in that the first mask is formed by a dummy gate region (temporary 
gate electrode 54 is used and then later removed as shown in Figs. 5-1 1 ) of a first 
dielectric material (temporary gate oxide 52, Figs. 10), and the first implantation is used 
to form the extensions of the source and drain regions (Figs. 6 and 8 together formed 
the first implantation in the source/drain extensions 60 and regions 80) [claims 4 and 
15]; 

characterized in that for the amorphizing implantation ions are chosen from a 
group comprising Ge, Si, Ar or Xe (col. 3, lines 44-50) [claim 9]; 
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characterized in that a part of the function of the amorphizing implantation is 
provided by one of the two opposite conductivity type implantations (buried amorphous 
region 120 is provided by Fig. 12 of the second implantation) [claim 10]; 

a semiconductor device comprising a field effect transistor obtained with a 
method as claimed in claim 1 (col. 1, lines 6-11) [claim 11]. 

9. As to claims 5 and 16, An discloses substantial features the claim invention (see 
paragraphs above) and further discloses: 

characterized in that after the first implantation (Figs. 9-17) a uniform masking 
layer of a second dielectric material different from the first dielectric material is 
deposited on the semiconductor body (dielectric layer 90, Fig. 9) and is subsequently 
removed by chemical mechanical polishing (fig 10 and col. 4, lines 20-26) from the top 
of the dummy gate region (Figs. 9-10; col. 3, lines 35-36) which is then removed by 
selective etching (col. 3, lines 37-38 and col. 4, lines 28-32), the remainder of the 
masking layer forming the second mask for the second implantation (dielectric layers 
90, Figs. 1 2-1 3) which is used to dope the neighboring part of the channel region 
(retrograde impurity region 130, Fig. 13). 

1 0. As to claims 6 and 1 7, An also discloses: 

after the second implantation, a uniform gate region layer is formed on top of the 
semiconductor body (conductive layer 160, Fig. 16; Fig 16 is performed after Figs. 12- 
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13) and is subsequently removed by chemical mechanical polishing from the top of the 
second mask which is then removed by selective etching (col. 4, lines 20-32). 

11. As to claim 20, An in view of Yu discloses the method according to claim 1 
(paragraphs above). 

An further discloses wherein initial portions of the source and drain regions are 
formed by an initial implantation (fig 6, ion implant n-type) carried out prior to the 
amorphizing implantation (fig 12, ion implant to form amorphous region 120), 

the amorphizing implantation is performed via an exposed upper surface of the 
semiconductor body of silicon (fig 12, the silicon is exposed for the ion implant to form 
the amorphous region 120), to form an amorphized region between the initial portions of 
the source and drain regions (fig 12, amorphous region 120 is between s/d 80), 

the first implantation of dopants is performed to form the extensions of the source 
and drain regions (fig 6, ion implant n-type forms the extensions 60) and 

the second implantation of dopants is performed to form a portion of the channel 
in the amorphized region (fig 13, ion implant a p-type impurity region 130), whereby the 
first and second implantations form a p-n junction in the amorphized region. 

An does not disclose wherein the first implantation of dopants forms extensions 
of the source and drain regions in the amorphized region. 

Nonetheless, Yu discloses forming source and drain regions in the amorphized 
region (fig 3, s/d extensions 40/42 are formed in the deep amorphous regions 25). 
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It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to amorphize the regions where the source and drain extensions of 
An are to be formed as taught by Yu since this was known to make the dopant 
distribution better. 

12. Claims 8 and 19 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
An in view of Yu as applied to claim 1 , and further in view of Lai et al. (US PGPUB 
2002/0102801 A1 and Lai hereinafter). 

1 3. As to claims 8 and 1 9, although An discloses substantial features of the claimed 
invention (see paragraphs above), it fails to disclose: 

characterized in that the source and drain regions are formed before the source 
and drain extensions. 

Nonetheless, this feature is well known in the art and would have been an 
obvious modification of the method disclosed by An in view of Yu, as evidenced by Lai. 

Lai discloses: 

characterized in that the source and drain regions are formed before the source 
and drain extensions (source/drain regions 108 are formed before the extension 114 is 
formed as shown in Figs. IC-1D). 

Given the teaching of Lai, a person having ordinary skills in the art a the time of 
the invention would have readily recognized the desirability and advantages of 
modifying An in view of Yu by employing the well known or conventional feature of 
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forming the source and drain regions before the source and drain extensions, such as 
disclosed by Lai, in order to avoid thermal process. 

Response to Arguments 

14. Applicant's arguments with respect to claims 1-20 have been considered but are 
moot in view of the new ground(s) of rejection. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SHAUN CAMPBELL whose telephone number is 
(571)270-3830. The examiner can normally be reached on Monday Through Friday 
8:00AM-5:30PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nguyen Ha can be reached on (571) 272-1678. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Shaun Campbell/ 
Examiner, Art Unit 2829 
2/25/09 

/Ha T. Nguyen/ 

Supervisory Patent Examiner, Art Unit 2829 



